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1
SWINGING DOOR OPERATOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

Not applicable.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

BACKGROUND OF THE INVENTION

The present invention relates to devices for automatically
opening and closing a swinging door, particularly with
respect to very heavy swinging doors such as those that
include lead shielding to protect persons outside of the doors
from x-rays or other forms of radiation. Doors of this type
are commonly found in medical and laboratory environ-
ments.

Door operators for various types of swinging doors are
known. For example, U.S. Pat. No. 6,177,771, assigned to
Brookfield Industries, Inc. of Thomaston, Conn., teaches an
automatic door operator for heavy pivoting doors. This type
of operator 1s powered by a DC motor, and thus requires a
separate transformer 1n order to receive electrical power
from a standard 120V/240V AC source. The operator uses an
absolute position transducer that requires an external 1put
signal 1n order to determine the position of the door at any
given time. A controller senses the external input signal,
indicating an open state for the door, a closed state for the
door, or any one of a plurality of positions therebetween. The
controller compares the absolute position of the door with
the position indicated by the external signal, and then the
controller generates a drive signal to the motor for driving
the DC motor until the absolute position 1s substantially
identical to the position indicated by the external signal. The
controller for this operator 1s implemented as a digital
programmable logic control (PLC), which 1s another
required component adding cost and complexity to this type
of operator. The absolute positon transducer 1s implemented
as a rotary potentiometer that continuously reports position
regardless of whether the door 1s moving. An analog to
digital (A/D) converter 1s also required 1n order to convert
the analog voltage signal from the potentiometer into a
digital signal that can be processed by the PLC. The mul-
titude of separate parts and complex design of this type of
operator increases 1ts manufacturing cost and raises reliabil-
ity concerns.

U.S. Pat. No. 5,018,304, originally assigned to F. L. Saino
Manufacturing Co. of Memphis, Tenn., teaches another type
of door operator that includes a variable torque electromag-
netic slip clutch. The purpose of the slip clutch 1s to provide
a disconnect that allows the door to be manually operated
(such as during a power failure or other emergency condi-
tion) without damage to the automatic operator. The 1nclu-
sion of a separate slip clutch mechanism and controls
therefor further complicates the design and increases the
manufacturing cost of this type of operator.

References mentioned 1n this background section are not
admuitted to be prior art with respect to the present invention.

BRIEF SUMMARY OF THE INVENTION

In certain implementations, the present invention 1s
directed to an improved automatic door operator that utilizes
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2

a servomotor and servo drive rather than a DC motor. A
servomotor 1s brushless and thus more reliable than a DC

motor and also more compact, thus reducing the footprint of

the operator overall. The servomotor and servo drive operate
on standard 120V/240V AC power, and thus no separate
transformer 1s required for the operator. No separate clutch
mechanism 1s required because the servo drive incorporates
programming to limit torque. Because the servo drive has
built-in control logic, no separate PLC 1s required. No rotary
potentiometer for reading position 1s required, and thus no
A/D converter 1s required for the signal from the rotary
potentiometer to be read by a PLC. The servo drive includes
an mput port that allows for programming of the device
without even the requirement of removing the operator
cover; the device further can be engaged remotely via an
Internet wireless connection for troubleshooting. Further-
more, the use of a servomotor and servo drive eliminates the
requirement of any external transducer because the position
of the servomotor 1s continuously maintained. Overall, the
present invention in various implementations provides for a
reduced parts count in the operator and thereby lowers
manufacturing costs, improves reliability, and simplifies
maintenance over prior art operators.

These and other features, objects and advantages of the
present mmvention will become better understood from a
consideration of the following detailed description of the
preferred embodiments and appended claims in conjunction
with the drawings as described following:

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a top plan view of an operator according to an
implementation of the mvention.

FIG. 2 1s a perspective view ol an operator according to
an implementation of the mvention.

FIG. 3 1s a side elevational view of an operator and door
hinge assembly according to an implementation of the
invention.

FIG. 4 1s an end elevational view of an operator according
to an implementation of the invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT(S)

(L]

Betore the present invention 1s described 1n further detail,
it should be understood that the mvention 1s not limited to
the particular embodiments described, and that the terms
used in describing the particular embodiments are for the
purpose ol describing those particular embodiments only,
and are not mtended to be limiting, since the scope of the
present invention will be limited only by the claims.

With reference now to FIGS. 1-4, the mechanical arrange-
ment of the parts of an implementation of the present
invention may now be described. Mounting plate 1 provides
a plate on which the other components of the operator may
be securely mounted. Mounting plate 1 then may be attached
to a position above door 36, as shown 1n FIG. 3, using bolts,
screws, or alternative connectors.

Cam roller block 2 1s mounted below mounting plate 1
and at the top of swinging door 36. Cam roller block 2
provides a race in which cam roller 16 may move horizon-
tally during movement of the door, as shown most clearly in
FIG. 2. Cam roller set screw 11 secures cam roller 16 1n
place with respect to crank arm 6, extending distally from
door 36 at 1ts end where hinge 37 1s mounted. At the end of
crank arm 6 that 1s proximal to the hinged side of door 36,
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crank arm 6 1s held in position at taper lock bushing 15 with
shaft key 22, and thereby engages with the drive portion of
the operator as described below. Door 36 1s held 1n position
by one or more hinges 37, about which door 36 pivots to
open or close. Movement of crank arm 6, by means of the
drive portion of the operator, serves to provide the automatic
opening and closing feature for door 36.

Drive mount plate 4 1s mounted to mounting plate 1, and
provides a mounting point for the drive subassembly of the
operator. Drive mount plate 4 1s held in place by hex cap
screws 8 with second plain washers 14 positioned under the
heads of hex cap screws 8. Right angle gearbox 17 1s
mounted on drive mount plate 4, and engages with crank
arm 6 at 1ts lower face to provide vertical rotational drive
motion to crank arm 6. Connected to right angle gearbox 17
1s bellows coupling 18. Bellows coupling 18 allows for
flexibility under minor misalignment conditions while main-
taining rigidity under torsional loads. Gearbox 21 1n turn
drives bellows coupling 18, and 1s held 1n the proper position
and orientation by gear head mount 5 extending outwardly
from drive mount plate 4. Gearbox 21 1s secured to gear head
mount 5 by socket head cap screws 12. In one implemen-
tation, gearbox 21 provides a 100:1 gear reduction. Gear
head mount 5 1s held 1n place on drive mount plate 4 by
means of hex cap screws 8.

The final portion of the drive subassembly 1s servomotor
24. Servomotor 24 1s mounted to and coaxially connected
together with gearbox 21 1n order to provide drive motion to
gearbox 21, which 1n turn 1mparts drive to bellows coupling
18, right angle gearbox 17, and eventually crank arm 6.
Numerous types of commercially available servomotors
may be used for servomotor 24, including, for example, the
Yaskawa SGMIV brushless servomotor from Yaskawa
America ol Waukegan, I11.

Moving now to the electrical subassembly, mounted
directly to mounting plate 1, but positioned behind servo-
motor 24 on drive mount plate 4, 1s servo drive 23. Servo
drive 23 1s mounted to drive mount plate 4 by drive bracket
3, which 1s secured 1n place using button head screws 9 and
first plain washers 13. A suitable device for servo drive 23
1s the Yaskawa Sigmal.ogic single-axis combined servo
amplifier/controller device. Servo drive 23, being essentially
an electronic amplifier, provides electrical energy to servo-
motor 24, which servomotor 24 then translates into rota-
tional mechanical energy. The electrical connections
between servo drive 23 and servomotor 24 allow servo drive
23 to recerve feedback from servomotor 24, allowing for
correction of deviations between actual motor status and
commanded motor status. Servo drive 23 1s mounted to drive
mount plate 4 using hexagon socket button head cap screws
9. The use of servo drive 23 eliminates any need for a PLC.
Power 1s supplied to the unit by power supply 25, which may
be implemented as a 24 VDC power supply such as the 5 A
Wago 787-1622.

Mounted on a DIN rail 26, and positioned between
servomotor 24 and servo drive 23, are terminal block 27, end
anchor 28, and end barrier 29. Also on this DIN rail 26 are
relay/socket combination 30, first terminal block 31 and
second terminal block 32, relay 34, and breakout board 35.
These components provide the necessary electrical connec-
tions, including power and feedback control signals,
between servomotor 24 and servo drive 23.

The entire operator assembly may be housed 1n cover 38
to protect the internal components from damage and to
prevent injury to humans who may contact energized and/or
turning components, with crank arm 6 extending beneath
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and outside of cover 38 in order to operate door 36 by
swinging door 36 on hinge or hinges 37.

Unless otherwise stated, all technical and scientific terms
used herein have the same meaning as commonly under-
stood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can also be
used 1n the practice or testing of the present invention, a
limited number of the exemplary methods and materials are
described herein. It will be apparent to those skilled 1n the
art that many more modifications are possible without
departing ifrom the inventive concepts herein.

All terms used herein should be interpreted in the broadest
possible manner consistent with the context. When a group-
ing 1s used herein, all individual members of the group and
all combinations and subcombinations possible of the group
are intended to be individually included. When a range 1s
stated herein, the range 1s intended to include all subranges
and individual points within the range. All references cited
herein are hereby incorporated by reference to the extent that
there 1s no mnconsistency with the disclosure of this speci-
fication.

The present invention has been described with reference
to certain preferred and alternative embodiments that are
intended to be exemplary only and not limiting to the full
scope of the present invention, as set forth 1n the appended
claims.

The mvention claimed 1s:

1. A swinging door operator, comprising:

a. a mounting plate;

b. a servomotor attached to the mounting plate;

c. a servo drive electrically connected to the servomotor
by a power control signal and a feedback control signal
to control the servomotor based on electrical feedback
from the servomotor and to correct for deviations
between an actual servomotor status and a commanded
servomotor status;

d. a crank arm mechanically linked to the servo drive
whereby the servo drive may pivot the crank arm; and

¢. a cam roller block mounted to the swinging door and
slidingly engaged with the crank arm.

2. The swinging door operator of claim 1, further com-
prising a reduction gearbox mechanically connected
between the servomotor and the crank arm.

3. The swinging door operator of claim 2, further com-
prising a right-angle gearbox comprising a horizontal input
and a vertical output, wherein the horizontal input is
mechanically connected to the reduction gearbox and the
vertical output 1s directed downwardly from the right-angle
gearbox toward the crank arm.

4. The swinging door operator of claim 3, further com-
prising a bellows coupling mechanically connecting the
reduction gearbox to the right-angle gearbox.

5. The swinging door operator of claim 4, further com-
prising a gear head bracket connected to the mounting plate,
wherein the reduction gearbox 1s mounted to the mounting
plate extending outwardly from the mounting plate.

6. The swinging door operator of claim 35, further com-
prising a cover littable over the mounting plate wherein the
cover comprises an opening sized to allow the night-angle
gearbox vertical output to extend downwardly outside of the
cover.

7. The swinging door operator of claim 6, wherein the
crank arm 1s attached to the right-angle gearbox vertical
output and aligned horizontally.
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8. The swinging door operator of claim 7, wherein the
crank arm 1s aligned parallel with the servomotor and
reduction gearbox.

9. The swinging door operator of claim 8, further com-
prising a cam roller attached at a distal end of the crank arm
to engage the cam roller block, wherein movement of the
crank arm causes lateral movement of the cam roller 1n the
cam roller block.

10. An automatic door assembly, comprising:

a. a door 1n a doorway;

b. at least one hinge mounted at a vertical edge of the door
to allow the door to swing along a vertical axis of the
hinge;

c. a mounting plate positioned above the doorway;

d. a servomotor attached to the mounting plate;

¢. a servo drive electrically connected to the servomotor
by a power control signal and a feedback control signal
to control the servomotor based on electrical feedback
from the servo motor to correct for deviations between
an actual servomotor status and a commanded servo-
motor status; and

f. a crank arm mechanically linked to the servomotor,
wherein operation of the servomotor 1n a {irst rotational
direction causes the swing arm to swing inward toward
the doorway and operation of the servomotor i a
second rotational direction causes the swing arm to
swing outward away from the doorway.

11. The automatic door assembly of claim 10, wherein the
crank arm 1s aligned horizontally and parallel with the
servomotor and 1s longitudinally aligned with the vertical
axis of the hinge.

12. The automatic door assembly of claim 11, further
comprising a reduction gearbox mechanically connected to
the servomotor.
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13. The automatic door assembly of claam 12, further
comprising a right-angle gearbox comprising a horizontal
iput and a vertical output, wherein the horizontal mput 1s
mechanically connected to the reduction gearbox and the
vertical output 1s directed downwardly from the right-angle
gearbox to the swing arm.

14. The automatic door assembly of claim 13, further
comprising a bellows coupling mechanically connecting the
reduction gearbox to the right-angle gearbox.

15. The automatic door assembly of claim 14, further
comprising a gear head bracket connected to the mounting
plate and holding the reduction gearbox extending out-
wardly from the mounting plate.

16. The automatic door assembly of claim 15, further
comprising a cover fittable over the mounting plate wherein
the cover comprises an opening sized to allow the right-
angle gearbox vertical output to extend downwardly outside
of the cover to the crank arm.

17. The automatic door assembly of claam 16, further
comprising a cam roller rotatably attached at a distal end of
the crank arm.

18. The automatic door assembly of claim 17, further a
cam roller block mounted on the door and below the
mounting plate to receive the cam roller, wherein movement
of the crank arm causes lateral movement of the cam roller
within the cam roller block.

19. The automatic door assembly of claam 18, further
comprising an uninterruptable power supply mounted on the
mounting plate and electrically connected to the servo drive
in order to provide electrical power to the servo drive.
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